XPS induces ionization of a sample and subsequent photoejection of core electrons via an incident x-ray beam, which consists of x-ray photons. The core holes are filled by outer-level electrons, which release energy in the transition from a higher level to a lower level--the manner in which the energy from the transition manifests itself is what fundamentally differentiates AES and XPS.
As seen in figure 1 , photoejection of a core electron (instead of radiationless secondary electron emission in AES, fig. 3 ) occurs in XPS. The kinetic energy of the photoejected core electrons is defined as KE = hv -BE + phi, where hv is the energy of the incoming x-ray photons, BE is the binding energy of the photoejected electrons, and phi is the spectrometer work function. The binding energy (BE) of the core electrons allows for specific elemental characterization of samples as the electronic structure of each element is unique. Auger electron emission occurs readily in XPS as they are mutually exclusive processes, meaning that the individual probabilities of each process occurring must sum to one.
Chemical shifts, or changes in the binding energy of core electrons, can result due to a change in the chemical environment of the core electrons, such as: a change in the nearest neighbor, the oxidation state, compound, or crystal structure [1] . XPS allows for these shifts to be readily measured, which is one of the technique's most important capabilities. XPS is a quantitative technique (like AES) in that it will identify the amount and type of elements at surfaces but will not be able to indicate the crystallographic nature of the surfaces (XRD can be employed to accomplish this type of characterization). XPS has a depth range from 1 -12 nm and is an alternative for surface characterization when the electrons used in AES are unwanted (for whichever reason). Both AES and XPS cannot detect the presence of H or He due to the large probabilistic impossibility of hitting (with x-ray photons or other electrons) the 1 or 2 electrons in the electronic structure of these elements.
XPS instruments consist of an x-ray source, an energy analyzer, an electron detector, and instrumentation for data acquisition [1] . Figure 4 demonstrates a schematic of a conventional XPS instrumentation system. XPS depth profiling was used in determining the principal constituents of chromium and iron oxides, estimated to be in the nanometer range (of the order of 2-3 nm) [3] .
Procedure
Duplex steel 2205 samples of approximately 8 × 8 × 1 × mm^3 were prepared. They were ground with emery papers up to No. 4000, polished with 1 mm diamond paste and fixed onto sample holders by means of a UHV compatible double sided sticking tape. Thin oxide layers were produced on the sample surfaces by exposures of sputter-cleaned samples to approximately 10^-5 mbar of oxygen inside the fast entry chamber previously pumped down to 10^-8 mbar. Thus approximately 99.9% oxygen atmosphere was assured in the fast entry chamber. Exposure time was 10 min [3] .
For all XPS measurements, Mg Ka radiation at 1253.6 eV with anode voltage × emission current = 12.5 kV × 16 mA = 200 W power was used. High resolution XPS inside individual windows was used for profiling as well as for angular dependent measurements, with step size of 0.1 eV and pass energy of 25 eV [3] .
VG Microlab 310F acquisitioned data were processed by the Avantage v3.41 software produced and supplied by the manufacturer of the instrument and by the CasaXPS commercially available software for processing of the XPS spectra [3] . . Cr 2p3/2 (a) and Fe 2p3/2 peaks (b) from top (lower spectra) and middle (upper spectra) of the oxide layer separated into metallic (far right) and oxide components [3] .
Analysis & Conclusions
Inhomogeneity of the oxide layer exists, proven by the depth profiles showing the presence and variation of different carbide-forming elements.
